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(54) METHOD AND DEVICE FOR EVALUATING SOUND AND STORAGE 
MEDIUM STORING PROGRAM FOR EVALUATING SOUND 

(57)Abstract: 

PROBLEM TO BE SOLVED: To evaluate an 
effect of a particular sound of sounds 
generated from variant sound sources. 
SOLUTION: This method and device is 
provided with a rotational frequency 
calculating process A1 calculating in a time 
series a rotational frequency of a rotary 
movement of an evaluation object, an order 
center frequency calculating process A2 
calculating frequencies per each timing of a 
particular order as order center frequencies 
from the rotational frequency and the 
particular order which is the evaluation 
target, an order extracting frequency width 
setting process A3 setting a frequency 
width within a frequency band in front and 
behind this order center frequency and with a width corresponding to the 
rotational frequency as an order extracting frequency width, an order sound 
extracting process A4 extracting an order sound of the particular order in the 
order extracting frequency width from sound data synchronized with a timing 
pulse generated from a plurality of sound sources of the evaluation object, 
and a comparing process A5 comparing order sound data extracted by this 
order sound extracting process and the sound data and outputting the 
comparison result as data for evaluation. 




CLAIMS 



[Claim(s)] 

[Claim 1]A rotational frequency calculation stage which computes number of 
rotations of the rotating operation concerned in a time series based on an 
interval of a timing pulse outputted according to rotating operation of an 
evaluation object thing, A degree center frequency calculating process which 
computes frequency for every timing of a specific degree to the specific 
degree concerned used as number of rotations computed in this rotational 
frequency calculation stage, and an evaluation object as degree center 
frequency, It has a degree sampling frequency width setting-out process of 
being a zone before and behind this degree center frequency, and setting a 
frequency span of width according to said number of rotations as degree 
sampling frequency width, A degree sound extraction process of extracting a 
degree sound of said specific degree from sound data which was emitted from 
two or more sound sources of said evaluation object thing, and synchronized 
with said timing pulse following this degree sampling frequency width setting- 
out process by said degree sampling frequency width, A sound valuation 
method provided with a comparison process which degree sound data 
extracted at this degree sound extraction process is compared with said 
sound data, and outputs the comparison result concerned as data for 
evaluation. 

[Claim 2]A sound data memory measure which memorized a sound of fixed 
time emitted from two or more sound sources of an evaluation object thing as 
digital sound data, A signal processing means which carries out signal 
processing of the sound data stored in said sound data memory measure, and 
generates data for evaluation, It has a data output means for evaluation which 
carries out the external output of the data for evaluation generated by this 
signal processing means, A timing data storage means which memorized a 
timing pulse outputted to said signal processing means according to rotating 
operation within said fixed time of said evaluation object thing synchronizing 
with said sound data is put side by side, Said signal processing means number 
of rotations of said evaluation object thing by said fixed time based on an 
interval of a timing pulse stored in said timing data storage means A number- 
of-rotations calculation part computed one by one, A degree center frequency 
calculation part which computes center frequency of the specific degree 
concerned for every evaluation timing based on a specific degree used as 
number of rotations computed by this number— of-rotations calculation part 
and an evaluation object, A degree sampling frequency width set part which is 
a frequency band before and behind degree center frequency computed by 
this degree center frequency calculation part, and sets a frequency span of a 
size according to said number of rotations as degree sampling frequency 
width, A sound evaluation system provided with a degree sound extraction 
part which extracts a degree sound of a specific degree in said sound data by 
degree sampling frequency width set up by this degree sampling frequency 



width set part. 

[Claim 3]The sound evaluation system according to claim 2 provided with 
primary another extraction setting up function by which said degree sampling 
frequency width set part sets a frequency span for several primary minutes of 
a degree which adjoins said specific degree as a frequency span of said 
degree sampling frequency width. 

[Claim 4]The sound evaluation system according to claim 2 or 3 provided with 
a high-rotational fixed extraction setting up function which said degree 
sampling frequency width set part sets as fixed width which was able to define 
said degree sampling frequency width beforehand in more than number of 
rotations defined beforehand. 

[Claim 5]The sound evaluation system according to claim 2 provided with a 
ratio calculating part which said signal processing means computes a ratio of 
sound pressure of a degree sound extracted by said degree sound extraction 
part, and sound pressure of said sound data by a time series, and outputs the 
time series ratio data concerned as said data for evaluation. 
[Claim 6]Said signal processing means sound pressure of a degree sound 
extracted by said degree sound extraction part Said degree sound pressure 
integrating part integrated by fixed time, Sound pressure of said sound data 
Said whole tone pressure integrating part integrated by fixed time, The sound 
evaluation system according to claim 2 provided with an integration ratio 
calculation part which a ratio of an integrated value of a degree sound 
integrated by said degree sound integrating part and an integrated value of 
whole tone pressure computed by said whole tone pressure integrating part is 
computed, and outputs the ratio concerned as said data for evaluation. 
[Claim 7]A sound data memory measure which memorized a sound of fixed 
time emitted from two or more sound sources of an evaluation object thing 
characterized by comprising the following as digital sound data, A timing data 
storage means which memorized a timing pulse outputted according to 
rotating operation within said fixed time of an evaluation object thing 
synchronizing with said sound data, A signal processing means which carries 
out signal processing of the sound data stored in said sound data memory 
measure, and generates data for evaluation, A storage which memorized a 
program for sound evaluation for evaluating audibility of a sound emitted from 
an evaluation object thing using a sound evaluation system provided with a 
data output means for evaluation which carries out the external output of the 
data for evaluation generated by this signal processing means. 
As instructions which operate said signal processing means, this program is 
based on an interval of a timing pulse stored in said timing data storage 
means, and is number-of-rotations calculation instructions made to compute 
one by one by said fixed time about number of rotations of said evaluation 
object thing. 

Degree center frequency calculation instructions which make center 
frequency of the specific degree concerned compute for every evaluation 



timing based on a specific degree used as number of rotations computed 
according to these number-of-rotations calculation instructions, and an 
evaluation object. 

Degree sampling frequency width setting-out instructions which are the 
frequency bands before and behind degree center frequency computed 
according to these degree center frequency calculation instructions, and a 
frequency span of a size according to said number of rotations is made to set 
as degree sampling frequency width. 

Degree sound extraction instructions which make a degree sound of a specific 
degree in said sound data extract by degree sampling frequency width set up 
according to these degree sampling frequency width setting-out instructions. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a sound evaluation system, 
and relates to the sound evaluation system by which the sound especially 
generated in connection with the rotating operation of an evaluation object 
thing is evaluated. 

[0002]Especially this invention is applied to evaluation of the mechanism 
sound (mechanical noise including an engine sound, exhaust sound, etc.) of a 
two-wheeled vehicle or a four-wheeled vehicle. Besides the mechanism sound 
of the mobile which has an engine, if it is an object which the sound depending 
on rotating operation produces, it can apply, for example, can apply also to 
evaluation of the structure of a motor drive. It is used not only for a sound 
but for the analysis of the mechanism to whom a timing signal is outputted to 
fixed timing of vibration good. As a product field, two flowers, four flowers, a 
** machine, etc. can evaluate the tone quality of all the types of a car if 
needed [, such as an electric car, ]. Sound quality evaluation, such as a 
factory and a complete examination of a factory line, can be performed also 
with manufacturing technique. 
[0003] 

[Description of the Prior Art]Conventionally, evaluation of mechanism sounds, 
such as a two-wheeled vehicle and a four-wheeled vehicle, is performed by 
the acoustic sense including development and an outgoing inspection. 
Therefore, there is no absolute measure in sound evaluation, and evaluation is 
made unstable and uncertain. And in order to evaluate by an acoustic sense, 
to restrain a test subject for several hours and to investigate the limited 
investigation item, it was actually difficult to obtain evaluation of the sound of 
a large quantity and various sorts. Although a part introduces a personal 
computer (PC) and the sound is evaluated, it is difficult to obtain the 
evaluation items of a sound according to the characteristic of human being's 
acoustic sense. 

[0004]For example, in JP,H8-122140,A, in order to evaluate gear noises, such 
as an automobile gear change machine, absolutely, the gear noise evaluation 
system provided with the neural network who learned the organic-functions 
evaluation value to two or more sound pressure values of an FFT analyzer is 
indicated. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned 
conventional example, there was inconvenience that the sound from various 
sound sources produced in connection with rotating operation could not be 
evaluated individually. That is, in the above-mentioned conventional example, 
even if the existence of a problem sound becomes clear, the sound source of 
a problem sound cannot be specified. 



[0006]In a conventional example, when there were an increase and reduction 
of the number of rotations of an evaluation object thing, there was 
inconvenience of becoming difficult [ it / to perform evaluation by an acoustic 
sense and same evaluation to the sound emitted continuously ] from an 
evaluation object thing. 
[0007] 

[Objects of the Invention]This invention improves the inconvenience which 
the starting conventional example has, and sets it as the purpose to provide 
the sound evaluation system by which the influence of a specific sound can 
be evaluated among the sounds especially emitted from various sound 
sources with rotation. 
[0008] 

[Means for Solving the Problem]Then, a rotational frequency calculation stage 
which computes number of rotations of the rotating operation concerned 
according to a time series in this invention based on an interval of a timing 
pulse outputted according to rotating operation of an evaluation object thing, 
A degree center frequency calculating process which computes frequency for 
every timing of a specific degree to the specific degree concerned used as 
number of rotations computed in this rotational frequency calculation stage, 
and an evaluation object as degree center frequency, It has a degree sampling 
frequency width setting-out process of being a zone before and behind this 
degree center frequency, and setting a frequency span of width according to 
number of rotations as degree sampling frequency width. And a degree sound 
extraction process of extracting a degree sound of a specific degree from 
sound data which was emitted from two or more sound sources of an 
evaluation object thing, and synchronized with a timing pulse following this 
degree sampling frequency width setting-out process by degree sampling 
frequency width, Composition of having compared degree sound data and 
sound data which were extracted at this degree sound extraction process, and 
having had a comparison process which outputs the comparison result 
concerned as data for evaluation is taken. It is going to attain the purpose 
which this mentioned above. 

[0009]In a rotational frequency calculation stage, number of rotations of an 
evaluation object thing is computed based on an interval of a timing pulse 
which shows a cycle of rotating operation of an evaluation object thing. If an 
evaluation object thing is an engine, number of rotations of the engine 
concerned will be computed. Then, it asks for frequency of a degree of an 
evaluation object, and a degree of number of rotations to the evaluation 
object concerned in a degree center frequency calculating process. For 
example, a degree of a sound which is one cycle for every rotation is 1. If it is 
the n-th sound, number of rotations will be expressed by Hz and frequency in 
the number of rotations concerned of the n-th sound concerned can be found 
by hanging with a degree used as an evaluation object. Therefore, even if it is 
the same degree, in a high rotational, the degree sound turns into a high 



sound, and, on the other hand, turns into a low sound at low ****. 
[001 0]A degree sampling frequency width setting-out process is a zone before 
and behind degree center frequency, and sets a frequency span of width 
according to number of rotations as degree sampling frequency width. A 
degree sound has an ingredient of degree center frequency, and its harmonics 
mostly. Extraction of an ingredient in a zone before and behind this degree 
center frequency width will extract only the degree sound concerned. At this 
time, extraction width which extracts a degree sound is changed by this 
invention according to number of rotations. For this reason, even if degree 
center frequency of a degree sound changes and becomes near with 
frequency of an adjoining degree sound according to number of rotations, with 
this invention, extraction width of a degree sound is written with variable 
according to number of rotations, and is not extracted to an adjoining degree 
ingredient. And after extracting a degree sound at a degree sound extraction 
process, a comparison process compares this degree sound data and sound 
data, and it outputs the comparison result concerned as data for evaluation. 
Comparison for comparison of sound data to get to know influence of a 
degree sound on the whole sound data, such as a value of a peak about sound 
data of fixed time and a ratio after integrating, about physical quantity, such 
as a size of sound pressure and sound pressure and a maximum pressure, is 
performed. 

[001 1]A sound evaluation system by this invention is provided with the 
following. 

A sound data memory measure which memorized a sound of fixed time 
emitted from two or more sound sources of an evaluation object thing as 
digital sound data. 

A signal processing means which carries out signal processing of the sound 
data stored in a sound data memory measure, and generates data for 
evaluation. 

A data output means for evaluation which carries out the external output of 
the data for evaluation generated by this signal processing means. 
And a timing data storage means which memorized a timing pulse outputted to 
a signal processing means according to rotating operation within fixed time of 
an evaluation object thing synchronizing with sound data is put side by side. A 
signal processing means number of rotations of an evaluation object thing by 
fixed time based on an interval of a timing pulse stored in a timing data 
storage means A number-of-rotations calculation part computed one by one, 
A degree center frequency calculation part which computes center frequency 
of the specific degree concerned for every evaluation timing based on a 
specific degree used as number of rotations computed by this number-of- 
rotations calculation part and an evaluation object, A degree sampling 
frequency width set part which is a frequency band before and behind degree 
center frequency computed by this degree center frequency calculation part, 
and sets a frequency span of a size according to number of rotations as 



degree sampling frequency width, Composition of having had a degree sound 
extraction part which extracts a degree sound of a specific degree in sound 
data by degree sampling frequency width set up by this degree sampling 
frequency width set part is taken. It is going to attain the purpose mentioned 
above by this. 

[0012]Here, a fundamental tone emitted from an evaluation object thing is 
stored in a sound data memory measure as digitized sound data. A timing 
pulse which shows rotating operation of this evaluation object thing is stored 
in a timing data storage means. And a signal processing means by a computer 
etc. performs various signal processing based on a timing pulse and sound 
data, and outputs data for evaluation of a sound. In a signal processing means, 
a number-of-rotations calculation part carries out fixed time part sequential 
calculation of the number of rotations of an evaluation object thing first based 
on an interval of a timing pulse stored in a timing data storage means. Then, 
number of rotations of an evaluation object thing becomes clear about full 
time of sound data within fixed time, respectively. And a degree center 
frequency calculation part computes center frequency of the specific degree 
concerned for every evaluation timing based on a specific degree used as 
number of rotations and an evaluation object. Then, a degree sampling 
frequency width set part is a frequency band before and behind degree center 
frequency, and sets a frequency span of a size according to number of 
rotations as degree sampling frequency width. For example, frequency for 
several primary minutes of a degree which adjoins the specific degree 
concerned is computed, and this frequency span is set as degree sampling 
frequency width. Then, a degree sound extraction part extracts a frequency 
component in this degree sampling frequency width as a degree sound. 
[0013] 

[Embodiment of the Invention] Hereafter, an embodiment of the invention is 
described with reference to Drawings. Drawing 1 is a flow chart which shows 
the embodiment of the sound valuation method by this invention. As shown in 
drawing 1 , the sound valuation method by this embodiment, The rotational 
frequency calculation stage A1 which computes the number of rotations of 
the rotating operation concerned in a time series based on the interval of the 
timing pulse outputted according to the rotating operation of an evaluation 
object thing, The degree center frequency calculating process A2 which 
computes the frequency for every timing of a specific degree to the specific 
degree concerned used as the number of rotations computed by this 
rotational frequency calculation stage A1, and an evaluation object as degree 
center frequency, By the zone before and behind this degree center 
frequency, and degree sampling frequency width setting-out process A3 which 
sets the frequency span of width according to number of rotations as degree 
sampling frequency width, Degree sound extraction process A4 which extracts 
the degree sound of a specific degree from the sound data which was emitted 
from two or more sound sources of the evaluation object thing, and 



synchronized with the timing pulse by degree sampling frequency width, The 
degree sound data and sound data which were extracted at this degree sound 
extraction process are compared, and it has comparison process A5 which 
outputs the comparison result concerned as data for evaluation. 
[001 4] Evaluation object things are structures which perform rotating 
operation, such as an engine of a two-wheeled vehicle or a four-wheeled 
vehicle, and are a sound source and a vibration source. In the case of an 
engine, an ignition pulse etc. can be used as a timing pulse. In a motorised 
case, it is good to use a timing pulse using a part of pulse for motor drives. 
Supposing one timing pulse is outputted to one rotation, the number of 
rotations of the evaluation object thing concerned will be obtained from the 
interval of a timing pulse. If the interval of a timing pulse is short, number of 
rotations is large, and on the other hand, if the interval of a timing pulse 
excels, slow rotation is performed. This embodiment estimates the sound of 
an evaluation object thing using this rotational frequency information. One to 
evaluate a sound is in the judgment of whether the sound sensed that human 
being is unpleasant is included. For this reason, evaluation according to the 
characteristic of human being's acoustic sense must be performed, and, 
moreover, it must express as a numerical value. Since the acoustic sense is 
complicated, it is difficult to evaluate by the only technique to various sounds. 
For this reason, the evaluation result which is in agreement with human 
being s acoustic sense is computed by evaluating by this embodiment by using 
two or more techniques properly according to the characteristic of a sound. 
[0015]First, a term is defined. 

Continuous sound: It is a sound emitted continuously in time, it is rare to 
include two or more frequency components, and if main frequency 
components have constant number of rotations, they are fixed frequency. 
Intermittent tone: Many frequency components may be included to the sound 
emitted in isolation at the time of specific angle of rotation. 
Evaluation: Acquire numerical values, such as a predetermined ratio, by 
carrying out signal processing of the sound data. 

Degree: The sound which is a cycle of the continuous sound to one rotation, 
and is one cycle in the period of 1 rotation is one degree. The sound of n 
cycle is n degree in one rotation. With the gear with 37 gear teeth, if it rotates 
one time by one rotation of an evaluation object thing, the 37th sound will 
arise from this gear. 

Degree sound: The sound which extracted only the specific degree ingredient 
among continuous sounds is said. 

Specific degree: The degree used as an evaluation object is said in evaluation 
of a continuous sound. 

Degree center frequency of a specific degree: When number of rotations and a 
degree become settled, the frequency of the sound of a specific degree is 
specified. Namely, degree center frequency [Hz] = x (number-of-rotations 
[rpm] /60) degree degree filter sampling frequency width (frequency span) : It 



is a bandwidth for extracting specific degree, and is a frequency span which 
has a zone before and behind degree center frequency. 

Primary [ several ] (or deltaHz) : The size of the degree center frequency of 
the primary number which becomes settled depending on number of rotations 
is said. For example, it is 20 if it is 1200 rotations. It is [Hz] width. 
[001 6] If drawing 1 is referred to again, after referring to number of rotations 
at Step A1, degree center frequency will be computed. The degree made into 
an evaluation object is defined with the number of teeth etc. of the gear which 
it is going to adjust if it is an engine, for example. It asks for degree center 
frequency with a following formula. 

Degree center frequency [Hz] = x (number-of-rotations [rpm] /60) degree 
[0017]Then, degree sampling frequency width is computed based on number 
of rotations. Since a degree sound comprises only an almost specific 
frequency component, if degree sampling frequency width is made large, it will 
extract two or more degree sounds. And interval [ between the adjoining 
degrees ] [Hz] becomes settled from degree center frequency being 
dependent on number of rotations depending on number of rotations (refer to 
drawing 8 ). For this reason, degree extraction width setting-out process A3 is 
good to have primary another extraction setting-out process of setting the 
frequency span for several primary minutes of the degree which adjoins a 
specific degree as the frequency span of degree sampling frequency width. 
Then, since extracting the adjoining frequency component simultaneously is 
lost, only a single degree ingredient can be extracted. This is an effective 
technique in the state of low rotation. 

[0018]In a high rotational, in the case of an engine, sound pressure also 
becomes large, for example, and the cycle of an intermittent tone also 
becomes short further. For this reason, even if it is going to extract the 
degree sound which is a continuous sound, extracting other ingredients other 
than other degree sounds in piles is assumed (refer to drawing 9). For this 
reason, in the case of a high rotational, it is better than the number of 
rotations used as a threshold to extract a frequency span as immobilization. 
Then, the influence of ingredients other than a degree sound decreases. As 
degree sampling frequency width which is this fixed width, it is 100. [Hz] to 
200 [Hz] grades are preferred. 

[0019]When degree sampling frequency width is computed, it is 50 from sound 
data, for example. The sound of the frequency area of degree sampling 
frequency width, such as 150 [Hz], is extracted from [Hz]. This serves as a 
degree sound of a specific degree. If a degree sound is extracted, a degree 
sound is renewable where the sound which serves as a background by 
reproducing only this degree sound data is removed. Since sound pressure 
change of a degree sound becomes clear, various evaluations can be 
performed based on this sound pressure change waveform. That is, if the peak 
value of the sound pressure of the degree sound within fixed time is taken, 
the existence of a loud sound and its value can be obtained, and if it 



integrates with the sound pressure change waveform of a degree sound, based 
on the integrated value, the overall influence of the degree sound concerned 
can be known. When the value which carried out [ sound / degree ] time 
differential is large, the various analysis of a sound, such as being in the state 
of being large, is attained rapidly. At this time, according to number of 
rotations, degree sampling frequency width can be written with variable, only a 
part for degree Otonari can be extracted good, thereby, the accuracy of 
evaluation can be raised and evaluation which was more in agreement with the 
acoustic sense can be performed. 

[0020]The data for evaluation is created at this embodiment following 
extraction of a degree sound by comparing the whole sound by sound data 
with the extracted degree sound (step A5). Computing the ratio which a 
degree sound occupies to a whole sound for every very small time by a time 
series, and asking for the ratio of the integrated value of the degree sound 
over the integrated value of a whole sound compares a whole sound and a 
degree sound. It may be made to compare in specific number-of-rotations 
within the limits and the range to which number of rotations is risen or 
descending. Then, for example with an engine, the influence of a degree sound 
when the influence of the degree sound in an idling condition can be known 
and the engine is operating actively at the time of acceleration can be known. 
[0021] Drawing 2 is a block diagram showing the composition of the sound 
evaluation system by this embodiment. The sound evaluation system by this 
embodiment is provided with the following. 

The sound data memory measure 2 which memorized the sound of the fixed 
time emitted from two or more sound sources of an evaluation object thing as 
digital sound data. 

The signal processing means 6 which carries out signal processing of the 
sound data stored in the sound data memory measure 2, and generates the 
data for evaluation. 

The timing data storage means 4 which memorized the timing pulse outputted 
according to the rotating operation within the fixed time of an evaluation 
object thing synchronizing with sound data. 

The data output means 22 for evaluation which carries out the external output 
of the data for evaluation generated by the signal processing means 6. 
The signal processing means 6 is a personal computer (PC), and, for example 
a personal computer, It has CPU which executes a program, RAM used as the 
main memory of this CPU, auxiliary storage units, such as a hard disk which 
memorizes a program, and input devices, such as a keyboard, and the disk 
drive 7 which reads data and program data from storages, such as CD-ROM, 
is put side by side. 

[0022]The signal processing means 6 the number of rotations of an evaluation 
object thing by fixed time based on the interval of the timing pulse stored in 
the timing data storage means 4 And the number-of-rotations calculation part 
8 computed one by one, The degree center frequency calculation part 10 



which computes the center frequency of the specific degree concerned for 
every evaluation timing based on the specific degree used as the number of 
rotations computed by this number-of-rotations calculation part 8 and an 
evaluation object, The degree sampling frequency width set part 1 2 which is a 
frequency band before and behind the degree center frequency computed by 
this degree center frequency calculation part 10, and sets the frequency span 
of a size according to number of rotations as degree sampling frequency 
width, It has the degree sound extraction part 1 8 which extracts the degree 
sound of the specific degree in sound data by the degree sampling frequency 
width set up by this degree sampling frequency width set part 12. By taking 
such composition, A4 is performed from Step A1 shown in drawing 1 , and a 
degree sound is extracted with sufficient accuracy according to number of 
rotations. 

[0023]Primary another extraction setting up function 14 by which the degree 
sampling frequency width set part 12 sets the frequency span for several 
primary minutes of the degree which adjoins a specific degree as the 
frequency span of degree sampling frequency width, It may be made to have 
the high-rotational fixed extraction setting up function 16 set as the fixed 
width which was able to define degree sampling frequency width beforehand in 
more than the number of rotations defined beforehand. When an evaluation 
object thing is low rotation, or when there are few ingredients of sounds other 
than a degree sound (continuous sound), primary another extraction setting up 
function 14 is preferred, and when ingredients other than a degree sound are 
also included on the other hand, a high-rotational fixed extraction setting up 
function is preferred. 

[0024]If a degree sound is extracted by the degree sound extraction part 18, 
various evaluations can be performed based on the sound pressure change 
waveform. Since the sound pressure used as a base may differ when 
evaluating many sounds, it becomes impossible however, to maintain the 
homogeneity of evaluation in comparison of an absolute value. For this reason, 
in the example shown in drawing 2, the signal processing means 6 computes 
the ratio of the sound pressure of a degree sound, and the sound pressure of 
sound data extracted by the degree sound extraction part by a time series, 
and it is provided with the ratio calculating part 20 which outputs the time 
series ratio data concerned as data for evaluation. Thus, if the rate that the 
sound pressure of the degree sound over the sound pressure of the whole 
sound data occupies is computed, the evaluation result to various sound data 
is standardized, and a uniform numerical value can be acquired. 
[0025] Drawing 3 is a block diagram showing the example of composition in the 
case of computing a ratio, after integrating a whole sound and a degree sound, 
respectively. The degree sound pressure integrating part 24 in which the 
signal processing means 6 integrates the sound pressure of the degree sound 
extracted by the degree sound extraction part 1 8 by fixed time in the example 
shown in drawing 3 , The ratio of the whole sound integrating part 26 which 



integrates the sound pressure of sound data by fixed time, and the integrated 
value of the degree sound integrated by the degree sound pressure integrating 
part 24 and the integrated value of the whole tone pressure computed by the 
whole sound integrating part 26 is computed, and it has the integration ratio 
calculation part 28 which outputs the ratio concerned as data for evaluation. 
Thereby, evaluation to the influence of the overall degree sound over the 
change in number of rotations can be performed. 

[0026]Composition shown in this drawing 2 and draw i ng 3 is realized by 
executing the program for sound evaluation by the signal processing means 6 
of a personal computer etc. This program data for sound evaluation is stored 
in storages, such as CD-ROM, and is conveyed even to the personal 
computer 6. And the program for sound evaluation is stored in the hard disk 
etc. which the personal computer 6 does not illustrate. 
[0027]This program for sound evaluation is provided with the following. 
As instructions which operate the signal processing means 6, it is based on 
the interval of the timing pulse stored in the timing data storage means 4, and 
they are the number-of-rotations calculation instructions made to compute 
one by one by fixed time about the number of rotations of an evaluation 
object thing. 

Degree center frequency calculation instructions which make the center 
frequency of the specific degree concerned compute for every evaluation 
timing based on the specific degree used as the number of rotations 
computed according to these number-of-rotations calculation instructions, 
and an evaluation object. 

Degree sampling frequency width setting-out instructions which are the 
frequency bands before and behind the degree center frequency computed 
according to these degree center frequency calculation instructions, and the 
frequency span of a size according to number of rotations is made to set as 
degree sampling frequency width. 

Degree sound extraction instructions which make the degree sound of the 
specific degree in sound data extract by the degree sampling frequency width 
set up according to these degree sampling frequency width setting-out 
instructions. 

By these each instructions carrying out and performing with the personal 
computer 6, the personal computer operates as a signal processing means 
shown in draw 

[0028]When calling it "instructions to operate", here, Either or the both sides 
of the instructions which operate a signal processing means (personal 
computer) only by each instructions, and the instructions which operate the 
computer concerned depending on other programs, such as an operating 
system beforehand stored in the signal processing means, is included. 
[0029]If the evaluation technique by this embodiment has time and angle 
correlation in a timing pulse and a sound, it can be applied, and the evaluation 
of various sounds of it is attained by changing a final evaluation portion. Not 



only a sound but an oscillatory wave form is also received, and the same 
effect is acquired. 

[0030]As mentioned above, when extracting a continuous sound (degree 
sound) according to this embodiment, extraction width can be written with 
variable and the degree sound pressure ingredient accompanying change of 
number of rotations can be extracted correctly. Since not only a ratio peak 
value but an integrated value estimates, an error factor, like it is momentarily 
large can be eliminated, and the numerical value nearer to an acoustic sense 
can be acquired. 
[0031] 

[The 1st working example] <Evaluation of a continuous sound and an 
intermittent tone>, next working example of the sound evaluation system by 
this invention are described with reference to Drawings. The sound evaluation 
system is provided with the interface box which connects the rotating meter 
for incorporating a timing pulse, the noise level meter (microphone) for 
incorporating a sound, and them and the A/D converter extended by the 
personal computer (PC) 6, and PC6 in this example. 

[0032]The personal computer (PC) 6 is provided with analysis software, timing 
filter software, and the evaluation-items calculation software that computes 
an evaluation point from the numerical value acquired by these as the signal 
processing means 6. Analysis software has FFT used in the analysis of a 
sound, and a function of a frequency filter etc., for example. 
[0033]There are a continuous sound and an intermittent tone in the evaluation 
object in this example. A continuous sound is a sound generated in many 
****** etc. to crank 1 rotation like a gear or a chain, and it is also called the 
beat sound. If these sounds have a timing pulse, a degree filter (that which 
asks for frequency from number of rotations and the number of teeth of a 
gear and over which the filter made to penetrate by prescribed width 
centering on the frequency is covered) can extract them comparatively easily. 
In order to actually evaluate this extracted sound, it is necessary to change 
into a numerical value separately. A degree filter is provided with the following. 
At the example shown in drawing 2 , it is the degree sampling frequency width 
set part 1 2. 

Degree sound extraction part 18. 

[0034]An intermittent tone is a sound generated to almost specific timing in 1 
time or about 2 times 1 cycle. As an intermittent tone, there are ******** of 
the gear accompanying the rotational variation of the crank immediately after 
combustion, a sound of a clutch, etc., for example. Although these sounds 
have some which come out on the limited frequency, there are some which 
are generated in a large frequency band. Although the frequency filter was 
used, only the problem sound was extracted and the size of the sound was 
comparing conventionally to such a sound, in this method, the sound after 
extraction turns into a sound which applied with the fundamental tone and 



separated, and also the sound generated in other timing will also be included. 
The extraction itself is difficult when the frequency of a problem sound is 
large. The composition for solving this is a timing filter, and computes an 
evaluation point based on the numerical value acquired by this. 
[0035] Drawing 4 is a flow chart which shows the outline of the example of 
processing of the signal processing means 6. If sound data is incorporated 
(Step S1), the type of a problem sound will be checked (Step S2). This may be 
inputted into PC from the input means which is not illustrated beforehand, and 
it may be made to store the data for directions which chooses one side with 
sound data at the time of the start of sound data. In evaluation of a 
continuous sound, a sound with (Step S3) and a degree filter is extracted 
(step S4). And correlation with a whole sound and the extracted problem 
sound is computed (Step S5). For example, the ratio of sound pressure is 
computed. And an evaluation point is computed based on this correlation. For 
this reason, the evaluation point on the acoustic sense of a sound can be 
obtained for every degree. 

[0036]the case where it is an intermittent tone on the other hand — (Step 
S7) — a mask is first carried out [ sounds / other than the problem sound 
itself or a problem sound ] with a timing filter, or it amplifies (Step S8). Thus, 
after operating sound data orthopedically according to timing, the sound 
pressure fluctuation of a whole sound (problem sound) is computed (step S9). 
In evaluation of an intermittent tone, an evaluation point is computed based 
on this sound pressure fluctuation. 

[0037]A <continuous sound> continuous sound can be extracted 
comparatively easily by using a degree filter. However, it is difficult to 
compute evaluation items only to this extracted sound. However loud the 
extracted sound may be, this does not become a problem when other 
background noise (it is also called a whole sound or a background sound) is 
larger than it, but the evaluation point on an acoustic sense becomes good. 
On the contrary, even if the extracted sound is small, when other sounds are 
small, it becomes a problem, and an evaluation point worsens. Evaluating the 
sound of the frequency extracted by the relation with this background noise 
was not completed conventionally. 

[0038] For this reason, at this example, a relative problem sound including the 
sound of the background is evaluated by asking for the ratio into which the 
problem sound over the whole sound closes. The example of this technique is 
shown in drawing 5 (A) thru/or drawing 5 (C). The example shown in drawing 5 
is a thing at the time of turning an accelerator on and off by an engine neutral 
state, in the first half, rotation goes up, and the whole sound is also large. [ an 
accelerator ] Then, an accelerator is turned off and the whole sound is also 
small with rotational descent. 

[003 9}Dra\N\ng 6 is a flow chart of continuous sound evaluation. In evaluation 
(Step S1 1) of a continuous sound, first, as shown in drawing 5 (A), the sound 
of the specific degree 60 is started with the specific bandwidth (degree 



sampling frequency width) 58 (Step S12). Next, as shown in drawing 5 (B), it 
asks for the sound pressure 64 of the started sound (Step S13). It asks for 
the sound pressure 63 of the whole sound (Step S14). As shown in draw ing 5 
(C), the ratio 67 of the sound pressure 64 of the problem sound over the 
whole sound pressure 63 is computed (Step S15). Then, the portion shown 
with the numerals 62 of drawing 5 (C) with an increasing degree sound ratio 
serves as a numerical value which shows the state which is not preferred as 
for a sound, and on the other hand, since the acoustic-sense top mask of the 
other portions will be carried out [ sounds / other than a problem sound ], 
they make an evaluation point comparatively good evaluation items (Step 
S16). 

[0040] Frequency will also become low, if it becomes high frequency with a 
rotation rise and rotation descends in accelerator-off, as the degree of a 
continuous sound is shown in drawing 5 (A), If such a problem sound of a 
degree is extracted with a certain bandwidth 58 and it asks for the sound 
pressure, it will become like the extraction sound pressure of drawing 5 (B). At 
this time, simultaneously, as shown in a figure, it asks also for the whole 
sound pressure. If the ratio of this sound pressure 64 of a problem sound and 
sound pressure 63 of a whole sound that were extracted is taken, as shown in 
drawin g 5 (C), when a problem sound can be heard greatly, the ratio 67 of the 
problem sound over a whole sound will become large. By comparing the size of 
this ratio, evaluation of a problem sound including the sound of the 
background is attained. 

[0041 ]It asks for a ratio by processing mentioned above about what was 
estimated that drawing 7 (A) and (B) is as large as what was estimated that 
the 8th problem sound [ 1 7th ] is small. The problem sound surrounded the 
portion which can be heard best with the circle 61 on the acoustic sense. 
Although an accelerator is turned off and a whole sound becomes small with 
rotational descent, it is a portion which a problem sound remains, is just 
before an idling, and can be heard greatly here. As shown in drawing 7, to the 
whole sound, the 8th sound will be 10% and, as for the thing of evaluation with 
a small problem sound, in the 1 7th order, other sounds have become about 
70% about 20%. On the other hand, as for the thing of evaluation with a loud 
problem sound, in the 1 7th peak, the 8th peak has become very as large as 
about 35% 60%. Thus, by evaluating the ratio to the acquired whole problem 
sound sound using evaluation-items calculation software, a numerical value 
equivalent to the evaluation items on people's acoustic sense can be acquired, 
Thus, if the sound of specific frequency is extracted, even if it will become a 
fundamental tone and the sound which was widely different and will reproduce 
[ this example ] a actual sound, in order to estimate the influence of the 
problem sound to a thing with difficult evaluation paying attention to the ratio 
of sound pressure, The accurate useful data for evaluation can be obtained 
for evaluation of a sound with comparatively simple composition. 
[0042] 



[The 2nd working example] The details of <variable degree sampling frequency 
width>, next the degree filter explained in the 1st working example are 
explained as the 2nd working example. The composition of the 2nd working 
example is the same as that of the embodiment shown in d rawing 2 . When 
extracting a degree sound by the degree filter sampling frequency width 
(degree sampling frequency width, bandwidth) 58 of 100 [Hz], it is the upper 
and lower sides 50 of the degree center frequency 30 of a specific degree. It 
extracts by [Hz] width. This is 6000. Primary [ several ] is exactly supported 
by [rpm], and although it is primary [ several or less ] in the number of 
rotations beyond it, in [ number-of-rotations ] not more than it, it becomes 
primary [ several or more ]. 

[0043]As shown in drawing 8 (A), when number of rotations descends 
uniformly, the degree center frequency 30 of a specific degree becomes low 
similarly. Here, considering the center frequency of the adjoining degree, it 
becomes like the dashed line of d raw ing 8 (A). That is, the differences with 
the degree center frequency of the adjoining degree are deltaHz=RPM/60, and 
become small with number of rotations. This deltaHz is also primary [ in the 
degree concerned / several ]. 

[0044]It is 1800 to become a problem here by the case where engine number 
of rotations is low. In the case of [rpm], it is deltaHz=30. It is [Hz] and is 100. 
If it extracts by the degree sampling frequency width 32 of immobilization 
called [Hz] width, It will extract above 3 degree width and it becomes 
impossible to extract only the degree sound of one degree. 
[0045] Prawing 9 is a wave form chart showing the sound pressure change 
waveform of the whole sound 63, the sound pressure change waveform of the 
degree sound 64 of a specific degree, and the ratio change waveform of the 
degree sound ratio 67 which shows change on the time-axis of the ratio which 
a degree sound occupies to the whole sound 63. Drawing 9 (A) is degree 
sampling frequency width 100 It fixes to [Hz] width etc. and extracts. If a 
degree sound is extracted by the fixed degree sampling frequency width 32, as 
the numerals 44 show by drawing 9 (A), the calculation error for a low time 
point will become large. Namely, in the example shown in drawing 9 (A), as for 
the whole sound 63, sound pressure becomes small one by one with descent 
of number of rotations. And the portion shown with the numerals 44 is an 
idling condition, and the whole sound serves as approximately regulated sound 
pressure. On the other hand, the ratio change waveform of the degree sound 
ratio 67 extracted by the fixed sampling frequency width 32 is large as the 
numerals 44 concerned show. This has a larger ratio than the evaluation on an 
acoustic sense. 

[0046]As a method of preventing this, it is possible to make extraction width 
variable not at immobilization but at number of rotations. Let the size of the 
center frequency of the adjoining degree be degree sampling frequency width 
in this example. Then, even if number of rotations changes, extracting ranging 
over a degree is lost, and a calculation error becomes small. The sound 



pressure change waveform and the ratio change waveform of the degree 
sound ratio 67 at the time of extracting the degree sound 64 by this variable 
degree sampling frequency width 34 are shown in drawin g 9 (B). As shown in 
drawin g 9 (B), when the variable degree sampling frequency width 34 was 
used, the ratio in the low rotation portion became nearer to the acoustic 
sense like the field shown with the numerals 46. 

[0047]Like the portion shown with the numerals 46 of drawing 9 (B), if the 
variable degree sampling frequency width 34 is used, the sound pressure of 
the degree sound in a low rotation portion will become nearer to an acoustic 
sense, therefore it will be thought that the degree sound has been extracted 
with sufficient accuracy. On the other hand, the difference with an acoustic 
sense arose in the high-rotational portion. That is, if the size of contiguity 
degree center frequency is set as degree filter sampling frequency width and a 
degree sound is extracted, the sound pressure in a high-rotational portion 
may be emphasized rather than evaluation by an acoustic sense. This is also 
considered that it has influenced that ingredients other than the degree sound 
which is a continuous sound have also lapped with the frequency band of the 
degree center frequency according to a high rotational. Since sound pressure 
also becomes large so generally that it becomes a high rotational in the case 
of an engine, it is also considered as a Reason that the sound pressure of the 
degree sound of a high-rotational portion is emphasized. 

[0048]In the example shown in drawing 9 (B) as compared with the extraction 
result of the degree sound by the fixed degree sampling frequency width 32 
shown in drawing 9 (A), the sound pressure of the degree sound is large in the 
high-rotational portion shown with the numerals 48 as compared with the 
example shown in drawing 9 (A). 

[0049]In order to cope with disagreement with the acoustic sense in such a 
high-rotational portion, in the case of a high rotational, it is 100 from 3000 
rotations experientially. It is good to extract a degree sound by the fixed 
frequency width in [Hz]. It is good to, use the variable degree sampling 
frequency width which makes center frequency in a contiguity degree 
sampling frequency width by 1800 or less revolutions on the other hand. The 
difference between the degree sound by extraction by fixed frequency width 
and the degree sound by extraction by variable frequency width with 1800 to 
3000 big rotations was not accepted. For this reason, in the case of an engine, 
a change to the fixed degree sampling frequency width 32 and the variable 
degree sampling frequency width 34 is good to make the number of rotations 
of Hazama of 3000 rotations into a threshold from 1 800 rotations. 
[0050]As shown in drawing 8 (B), when changing this degree sampling 
frequency width with immobilization and variable, it is good to define the fixed 
area 40 and the variable region 42 before and after the threshold 38, and to 
change degree sampling frequency width only in a variable region. Thus, by 
making variable extraction width of a problem degree (specific degree used as 
an evaluation object), extraction of the problem sound nearer to an acoustic 



sense is attained, therefore improvement in evaluation accuracy is expected. 
[0051] Drawing 10 is a flow chart which shows an example of this degree 
sound extracting processing. 

[0052] First, the position of FFT calculation is computed from the evaluation 
range of the sound data of fixed time (Step A11). Then, the number-of- 
rotations calculation part 8 asks for number of rotations using the ignition 
pulse (timing pulse) of a calculating position. ** which the degree center 
frequency calculation part 10 asks for the center frequency of a specification 
degree, and asks for the center frequency of the degree which the degree 
sampling frequency width set part 12 adjoins on the other hand (Step A12). 
[0053]Then, the number of rotations of the degree sound extraction part 18 is 
3000. It is judged whether it is over the predetermined threshold of [rpm] etc. 
(Step A13). And the center frequency of a specification degree is 50. It is over 
[Hz], therefore number of rotations is 3000. When you are over [rpm], let fixed 
frequency of 100 [Hz] be the sampling frequency width 32 (Step A14). On the 
other hand, it is 50. Let frequency of a contiguity degree be the sampling 
frequency width 34 at the case of less than [Hz] (Step A15). 
[0054]A degree sound extraction part makes reference width of FFT 
calculation the above-mentioned sampling frequency width, and conducts 
frequency analysis. Then, the ratio calculating part (ratio calculation function) 
20 asks for the degree sound ratio 67 to the whole degree sound sound 
extracted by the thing [ conducting frequency analysis ] concerned (Step 
A16). Then, from the above-mentioned step A12 to the step A16 is repeated 
until the inside of an evaluation range is completed (Step A1 7). If the FFT 
calculation about the inside of an evaluation range is completed, it graph-izes 
at the rate of a degree sound pressure ratio within averaging time, and it will 
be in an evaluation range and will ask for the rate of an addition degree sound 
pressure ratio from addition whole tone pressure and addition degree sound 
pressure (Step A1 8). In working example which generates degree axial data, 
these steps A1 2 thru/or A1 7 are processed for every degree. 
[0055]Since degree sampling frequency is changed depending on number of 
rotations according to this example as mentioned above, noises other than a 
degree ingredient can extract few degree sounds, and, thereby, can coincide 
the evaluation to a degree sound with the audibility evaluation by human being 
more. As shown in drawing 8 (B), in order to change a predetermined 
threshold for degree sampling frequency width to immobilization and variable 
forward and backward, Without incorporating ingredients other than a degree 
sound about a high-rotational portion, on the other hand, in a low rotation 
portion, incorporating the ingredient of the adjoining degree sound is lost and 
degree sound extraction precision improves more. 
[0056] 

[The 3rd working example] The 2nd working example of a integration ratio> 
was estimating the sound based on the peak value of the rate of a degree 
sound pressure ratio. Although this technique is effective to the sound 



generated to the same timing (number of rotations), when generating number 
of rotations is different or the temporal duration of a sound changes, it may 
differ from the evaluation result by audibility. 

[0057]In the example shown in drawing 1 1 (A), the peak value of the ratio has 
appeared at comparatively high number of rotations. Specifically, it is 3900 at 
the position shown with the numerals 51. It is 18.0 by [rpm]. And in the field 
shown with the numerals 50, the high portion of the degree sound ratio 67 has 
occurred at slightly higher number of rotations. On the other hand, in the 
example shown in drawing 11 (B), the peak has appeared at number of 
rotations lower than it. Specifically, it is 2800 at the position shown with the 
numerals 51. It is 16.2 by [rpm]. And the portion with a high ratio has 
generated the degree sound ratio 67 at number of rotations (refer to numerals 
54) lower than the case where it is shown in drawing 1 1 (A), and the ratio high 
to an idling (refer to numerals 52) is continuing. If human being's audibility 
estimates these two sounds, the direction of the fundamental tone shown in 
drawing 1 1 (B) rather than the fundamental tone shown in drawing 1 1 (A) will 
serve as bad evaluation. 

[0058]Since the peak of the degree sound ratio 67 has appeared in the high 
rotational, the wave-like fundamental tone shown in drawing 1 1 (A) does not 
give an impression strong as a degree sound, even if the whole sound is loud 
and a ratio is large, and also temporal duration is short and the ratio of the 
degree sound is also small with rotation descent. On the other hand, in the 
example shown in drawing 1 1 (B), since the peak has come out at low number 
of rotations, the impression that a whole sound is small and it is strong as a 
degree sound is received, and also the degree sound continues to the idling. It 
is thought that the direction of the fundamental tone shown in drawing 1 1 (A) 
serves as evaluation worse than the wave-like fundamental tone shown in 
drawing 1 1 (B) according to such a difference. 

[0059]That this inconvenience should be improved, the sound pressure of a 
degree sound and a whole sound are integrated, respectively, and the 3rd 
working example estimates a degree sound using the ratio of this integrated 
result. The signal processing means 6 is provided with the degree sound 
pressure integrating part (function) 24 shown in drawing 3 , the whole sound 
integrating part (function) 26, and the integration ratio calculation part 
(function) 28 in this 3rd working example. And in order to acquire the 
generating number of rotations of a degree sound, temporal duration, and the 
numerical value reflecting the value of the ratio peak, addition of the whole 
tone pressure in an evaluation range and degree sound pressure was 
performed, and the ratio of the result was computed. By carrying out like this, 
rather than a sound with a high ratio generated for a short time, although a 
ratio is lower, the degree sound generated for a long time serves as a large 
ratio. Then, the high result of correlativity is obtained from the result of 
acoustic-sense evaluation. In the example mentioned above, the result which 
corresponds with 6.18 and an acoustic sense was obtained that the 



integration ratio shown in drawing 1 1 (A) is [ for ] 5.96. 
[0060]The formula is as follows. 

Rate of addition degree sound pressure ratio =(sigma degree sound pressure)/ 
(sigma whole tone pressure) 

The addition section is within evaluation object time. 

[0061] Drawing 12 is a flow chart which shows the processing which computes 
this integration ratio. First, FFT calculation in an evaluation starting position is 
performed, and it asks for problem degree sound pressure (Step A21). FFT 
calculation in the position of the following is performed and it asks for problem 
degree sound pressure (Step A22). It repeats to evaluation end position (Step 
A23). It asks for the ratio (rate of an addition degree sound pressure ratio) of 
the sum of the degree sound pressure in an evaluation range, and the sum of 
whole sound pressure from a calculation result (Step A24). 
[0062]As mentioned above, according to the 3rd working example, in addition 
to evaluation of only the peak value of the conventional rate of a degree 
sound pressure ratio, evaluation nearer to audibility can be performed by 
making an integrated value into an evaluation value, and detailed evaluation is 
attained and improvement in the system of evaluation is expected. 
[0063] 

[The 4th working example] To a <degree axis analysis> degree sound, it has 
evaluated in quest of the rate of a sound pressure ratio of a specific degree. 
However, since it is asking for the frequency to a degree sound from the 
rotation pulse, a gap may arise in the frequency of a actual degree, and 
calculative frequency. On the other hand, in this example, a certain amount of 
gap is expected, when extracting a degree, width is given to sampling 
frequency and it is supported. However, when there are two or more degree 
sounds, in order to perform more exact evaluation, it is necessary to calculate 
a certain amount of whole degree width, and to see the tendency. This 
example estimates a degree sound ratio with a degree axis that such 
SUBJECT should be solved. 

[0064]The degree axis evaluation data shown in dra wing 13 calculates two or 
more degree sounds, and asks for an integration ratio using the technique 
indicated as the 3rd working example. That is, after specifying from the 1 st 
order to the 100th order as the specific degree every [ 1 ] and extracting a 
degree sound, it asked for the degree sound ratio by addition. This discrete 
result searched for was made to continue according to an order of a degree, 
and it displayed. 

[0065]Although the 37th degree sound is data used as a peak, the peak of the 
degree sound has appeared in the 38th order calculatively, and the gap for the 
1 st order has produced drawing 1 3 (A). If it is a gap of this level, it can fully 
respond by adjustment of the above-mentioned extraction width. The 3rd 
ingredient with the largest peak poses a problem by degree axis analysis more 
than gap of this degree. This is actually considered to be not a degree sound 
but the exhaust-sound ingredient which has generated the low frequency 



wave. Although drawing 13 (B) is data which has a peak in the 38th order, it 
has shifted by primary like drawing 13 (A). The low degree ingredient which is 
an exhaust-sound ingredient in the sound data shown in this drawing 13 (B) is 
small. 

[0066]The evaluation on an acoustic sense turns into evaluation with the 
worse data whose exhaust-sound ingredient shown in drawing 1 3 (B) is 
smaller than data with a large exhaust-sound ingredient shown in drawing 13 
(A). However, if an integrated result is seen, to the 38th integration ratio 
shown in drawing 13 (A) being 6.82, the 38th integration ratio shown in drawing 
13 (B) will be 7.62, and will be reversed with the result on an acoustic sense. 
One of the cause of this is considered to be in the size of an exhaust-sound 
ingredient. This is because it is seldom influenced by the sound of other 
frequency areas paying attention to the frequency band of the sound which 
becomes a problem in the inside of unconscious when people hear a sound. 
That is, the sound through a band pass filter will be heard and evaluated. 
[0067]Then, when asking for an integration ratio in degree axis evaluation, it is 
good to perform the same processing as a band pass filter. Generally, although 
a degree ratio is once calculated through a band pass filter, specification of 
the magnitude of attenuation is needed for filtering, and also even if it 
decreases, it is some after that, but a noise will remain, and a calculation 
result will be affected. Then, it is good to except the frequency area from the 
ratio calculation instead of filtering. That is, in this example, extraction lower- 
cut-off-frequency **** defined beforehand is also provided with the low-pass 
interception filtering function 70 which extracts a degree sound from the 
sound data of a large frequency area. It is stabilized by this, without receiving 
specification of the individual magnitude of attenuation, and the influence of a 
noise, and ratio calculation can be performed. 

[0068] Drawing 14 is the minimum 250 about the data shown in drawing 1 3 . 
[Hz] Maximum 5000 It is the result of setting to [Hz] and computing the rate 
of a degree sound pressure ratio. As shown in drawin g 1 4 (A) and (B), it turns 
out that the lower degree portion equivalent to exhaust sound is lost. It is for 
removing the influence of [ in case it is widely different with a problem degree 
like a minimum and high frequency has resonance etc. ] to set up extraction 
upper limited frequency. The peak of drawing 14 ( A) was 10.25%, the peak of 
drawing 14 (B) became 9.90%, and the calculation result of the addition degree 
ratio was in agreement with the evaluation result of audibility. 
[0069]In degree axis evaluation, it must be cautious of the value of set 
frequency. In particular, when a problem degree is small, the frequency of a 
degree falls with descent of number of rotations, and the case where the 
frequency used for degree extraction and an extraction lower cut off 
frequency carry out a lap comes out. In this case, it is necessary to lower a 
calculation lower cut off frequency so that a lap may be lost as much as 
possible. It is better to set up highly, as long as there is no resonance with 
high frequency, since the direction similarly set up to calculation upper limited 



frequency as highly as possible can take the result and correlation of 
audibility. 

[0070]It may be made to set up a maximum by a degree to the method of 
setting up calculation upper limited frequency uniformly. The sampling rate of 
the upper limited frequency of FFT calculation is [ this ] 25. When it is [kHz], 
12.5 if it is set to [kHz] and until [ maximum full ] calculation is done — 1000 
as opposed to becoming calculation up to the 750th order in [rpm] — 5000 In 
[rpm], it notes becoming only calculation up to the 150th order. Therefore, the 
same effect as upper limited frequency is acquired by setting up the degree of 
the maximum calculated beforehand. In this case, the frequency of the 
maximum of calculation changes with number of rotations. It may be made to 
combine the technique of setting up uniform calculation upper limited 
frequency, and the technique of setting up a maximum by a degree. 
[0071]Thus, it is effective when asking not only for a specific degree but for 
two or more degree sound ratios estimates by knowing existence of the size 
of an exhaust-sound ingredient, a gap of a calculative degree, and degree 
sounds other than a problem degree etc. 

[0072]<Frequency analysis> In the example mentioned above, the necessity of 
setting up the upper and lower limit of calculation frequency from the result of 
degree calculation was found. Then, in order to investigate frequency 
distribution, without doing degree calculation, the whole frequency 
specification can be grasped a priori by performing ratio calculation currently 
performed by degree calculation in frequency of constant width. 
[0073]calculation — evaluation number-of-rotations or averaging time within 
the limits — several 10 [■ — the sound (specific band sound) of a specific 
frequency region is extracted to every Hz], it is asked for the rate of a sound 
pressure ratio to a whole sound along with time progress, and the average 
value is calculated. It asks for the rate of a sound pressure ratio of a specific 
band sound, shifting the frequency of a specific band sound from a low side to 
a high side one by one, and the ratio change by a frequency axis can be found 
by computing an average. This frequency spectrum is shown in drawing 15. 
Although the peak by resonance has appeared in the low frequency band 
(refer to numerals 57) portion in the example shown in drawing 1 5 (A), as the 
numerals 58 show in the sound data shown in drawing 15 (B), there are few 
resonance ingredients. 

[0074]The influence of an ingredient from which frequency changes depending 
on number of rotations, such as a degree sound, becomes small, and the 
feature of the frequency spectrum shown in drawing 15 is at the point that 
the ingredient independent of number of rotations remains. That is, since the 
average of all the ratio is computed in averaging time, it is extracted as only 
the ingredient independent of time progress and change of number of 
rotations shows drawing 15. Therefore, the low frequency components of 
exhaust sound and the size of a resonance ingredient can be known. 
[0075]Distribution of the frequency component which does not change like 



size isochronous [ of the existence of a resonant sound, its size, and exhaust 
sound ] is known, it is effective in setting out of a lower cut off frequency 
calculatively, and also computation time can be managed with the example 
shown in drawing 15 in a short time compared with degree calculation. Since 
frequency changes with time (number of rotations), a degree sound does not 
affect this frequency distribution. As shown in the numerals 57A and 58A of 
drawing 1 5 , even if the peak of a low rotation portion is when a resonance 
ingredient is large and it is small, it is large as compared with other ratios. 
Therefore, it may be made to set the frequency of the portion which exceeded 
this, for example by making two thirds of all encompassing into a threshold as 
the low cut off frequency for degree axial data generation (extraction lower 
cut off frequency). Then, setting out of an extraction lower cut off frequency 
is automatable. 

[0076]As mentioned above, even if it is a case where there is no telling what 
kind of degree sound poses a problem according to the 4th working example, 
the degree used as a peak can be specified. If a lower degree portion is 
intercepted, the ingredient which are not degree sounds, such as exhaust 
sound, can be removed, and evaluation nearer to an acoustic sense can be 
obtained. 
[0077] 

[The 5th working example] <Timing pulse> In each working example mentioned 
above, it was a premise to obtain a timing pulse from an evaluation object 
thing. However, when pulse data was not able to be taken in conventional data 
and data measuring site of only a sound, frequency analysis was completed by 
the data of only a sound, but degree analysis was not completed. On the other 
hand, when the problem degree is known beforehand, a timing pulse can be 
added to the sound data of a time series in false. In this example, pulse data is 
approximately generated based on a problem degree. By obtaining pulse data, 
the evaluation according to specific degree is attained, and also degree axis 
evaluation in the 4th working example can be performed. 
[0078] First, it asks for the time and frequency of a problem degree sound 
from frequency spectrum. This frequency spectrum makes a vertical axis 
frequency by making a horizontal axis into time. Intensity is taken as the 3rd 
axis. If intensity and the relation of a color are adjusted in order that 
frequency may change according to number of rotations, and a degree sound 
may serve as a peak value in resonance frequency and may keep large 
intensity time continuously by a fixed frequency span, if this intensity is 
expressed with a difference of a color, the amount of degree Otonari will 
appear good on frequency spectrum. 

[0079]That is, if a vertical axis is made into frequency by making a horizontal 
axis into time and a weak portion is made black for a portion with strong 
intensity at red, in the lower right, ** or a red line upward slanting to the right 
will appear on frequency spectrum. Since degree center frequency also 
becomes low with time progress when number of rotations has fallen with time 



progress, the red line whose lower right is ** appears. In the sound data at 
the time of acceleration, a red line appears in an upward slant to the right. 
Since within a time [ which this red line has produced ] serves as fixed time 
which should evaluate the influence of a degree sound, the time and frequency 
of both ends of this red line are read, and change of number of rotations is 
approximated by a linear expression. When it approximates with two or more 
following formulas, it is good to read time and frequency at three or more 
points. 

[0080] Dr awin g 16 is an explanatory view in the case of performing generation 
of the timing pulse 5 using a linear expression, and drawing 17 is a flow chart 
of pulse creation. 

[0081]1. Read the time of the starting point and a terminal point, and the 
frequency of a degree sound in frequency spectrum (Step B1). 

2. Ask for number of rotations from the frequency of a starting point position, 
and a known problem degree. For example, since it is the 37th order in 2476 
[Hz], it is 2467/37x60=4000. It is set to [rpm] (step B-2). 

3. Similarly ask for the number of rotations in a terminal point. Terminal 
frequency is 925. When [Hz], it is 925/3737x60=1500. It is set to [rpm] (step 
B-2). 

4. Compute a linear expression by making descent of rotation of Hazama of 
the starting point and a terminal point into a straight line (Step B3). 
RPM=4000-1 500xdeltat5. From the number of rotations in the starting point, it 
asks for the next pulse position and a pulse is written in (step B4). For 
example, 60/4000=0.01 5 [sec]6. Further, since the value of deltat became 
settled, it asks for the number of rotations in the pulse position by an upper 
type using the formula of 4. (step B5). 

4000-1500x0.015=3977.5 [rpm]7. The position of the following pulse is 
searched for from the number of rotations for which it asked, and a pulse is 
written in (step B6). For example, 60/3995.5=0.01508 [sec]8. The above 6 and 
7 is repeated, it carries out to a terminal point, and pulse data is written in in 
a designated range (Step B7, B8). 

[0082]Thus, when the degree of a problem sound is known, it is false-like, but 
a pulse can be created, calculation of a degree sound ratio is attained from 
this pulse, even if it is data of only the sound which was not able to be 
evaluated conventionally, various processings are attained and various 
evaluations are attained from that result. 

[0083]In the above-mentioned example, although the lowering state of number 
of rotations is approximated in a straight line by specification of only the 
starting point and a terminal point, it is descending in quadratic curve actually 
in many cases. In that case, the data of the halfway point can be inputted in 
addition to the starting point and a terminal point, and more nearly actually 
near pulse data can be made from approximating a number-of-rotations falling 
contour by secondary or a cubic curve. Thus, degree analysis is attained by 
the data which only frequency understood by adding a pulse to the data of 



only a sound. 
[0084] 

[Effect of the Invention]Since this invention is constituted as mentioned 
above and functions, according to this, at a degree sampling frequency width 
setting-out process. Are a zone before and behind degree center frequency, 
and the frequency span of width according to number of rotations is set as 
degree sampling frequency width, In order to extract the degree sound of a 
specific degree from the sound data which was emitted from two or more 
sound sources of the evaluation object thing at the degree sound extraction 
process, and synchronized with the timing pulse by degree sampling frequency 
width, A degree sound can be extracted by the frequency span according to 
the difference of the degree center frequency which changes according to 
number of rotations, and its adjoining degree center frequency of a degree, 
Since a comparison process compares degree sound data and sound data and 
the comparison result concerned is outputted as data for evaluation, Can 
obtain influence on the whole degree sound data sound used as an evaluation 
object as a numerical value, and degree sampling frequency width and its 
center value are written with variable in this way according to number of 
rotations, Become possible the frequency span based on a difference with the 
center frequency of a degree and the contiguity degree which change 
according to number of rotations to set it as sampling frequency width, and 
This sake, . The extraction precision of the degree sound of a specific degree 
improving, then evaluating influence on the whole degree sound sound can 
estimate the influence of the sound generated from specific sound sources, 
such as a gear and a chain, along with human beings audibility. The 
outstanding sound valuation method which is not in the former to say can be 
provided. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]It is a flow chart which shows the composition of the embodiment 
of the sound valuation method by this invention. 

[Drawing 2] It is a block diagram showing the composition of the embodiment 
of the sound evaluation system by this invention. 

[Drawing 3] It is a block diagram showing the example of composition of the 
ratio calculating part shown in drawing 2. 

[ Drawing 4]I t is a flow chart which shows the processing outline of the 1 st 
working example of this invention. 

[Drawing 5] Drawing 5 (A) is a figure showing extraction of the sound of 
specific frequency, it is a wave form chart showing an example of evaluation 
of the continuous sound in composition of being shown in drawing 4 , and 
drawing 5 (C) is [ drawing 5 (B) is a figure showing the example which 
compared whole tone pressure with extraction sound pressure, and ] a figure 
showing the ratio of each sound pressure. 

[Drawing 6] It is a flow chart which shows an example of evaluation processing 
of the continuous sound in composition of being shown in drawing 4 . 
[Draw i n g 7]I t is a wave form chart showing the ratio of the sound pressure in 
each degree, and drawing 7 (A) is a figure showing the example from which the 
sound behind a degree filter does not pose a problem, and drawing 7 (B) is a 
figure showing the example from which the 8th sound poses a problem. 
[Drawing 8] It is an explanatory view showing the background of the 2nd 
working example of this invention, and drawing 8 (A) is a figure showing the 
example of fixed degree sampling frequency width and variable degree 
sampling frequency width, and drawing 8 (B) is a figure showing the example 
which changes fixed degree sampling frequency width and variable degree 
sampling frequency width according to number of rotations. 
[Drawing 9] It is a wave form chart showing the example of a waveform of 
sound pressure change of the whole fixed time sound, sound pressure change, 
and the ratio of a specific degree sound, and drawing 9 (A) is a figure showing 
the example which extracted the degree sound by fixed degree sampling 
frequency width, and drawing 9 (B) is a figure showing the example which 
extracted the degree sound by variable degree sampling frequency width. 
[Drawing 1 0]It is a flow chart which shows an example of down stream 
processing in the 1 st working example that changes fixed degree sampling 
frequency width and variable degree sampling frequency width, and evaluates 
a degree sound. 

[Drawing 1 1] It is a wave form chart for explaining the background of the 3rd 
working example, drawing 1 1 (A) is a figure showing the waveform of the 1st 
whole sound data sound, a degree sound, and its ratio, and drawing 1 1 (B) is a 
figure showing the waveform of the 2nd whole sound data sound, a degree 
sound, and its ratio. 



[Drawing 1 2] It is a flow chart which shows an example of down stream 
processing in the 3rd working example. 

[Dra wing 13]It is a wave form chart for explaining the background of the 4th 
working example of this invention, drawing 13 (A) is a figure showing the 
degree axial-wave type of sound data with a large exhaust-sound ingredient, 
and drawing 1 3 (B) is a figure showing the degree axial-wave type of sound 
data with a small exhaust-sound ingredient. 

[Drawing 14] It is a wave form chart showing the example which removed the 
lower degree ingredient of each waveform shown in drawing 13, and draw ing 
14 (A) is a figure showing the degree axial-wave type from which the lower 
degree ingredient of sound data with a large exhaust-sound ingredient was 
removed, and drawing 14 (B) is a figure showing the degree axial-wave type 
from which the lower degree ingredient of sound data with a small exhaust- 
sound ingredient was removed. 

[Draw^ 1 5]It is the wave form chart which asked for the ratio to a whole 
sound for every frequency of prescribed width, and drawing 1 5 (A) is a figure 
showing the rate of a sound pressure ratio of sound data with many 
resonance ingredients, and drawing 15 (B) is a figure showing the rate of a 
sound pressure ratio of sound data with few resonance ingredients. 
[Drawing 1 6]It is an explanatory view explaining the contents of processing of 
the 5th working example of this invention. 

[Drawing 1 7] It is a flow chart which shows an example of down stream 
processing of the 5th working example of this invention. 
[Description of Notations] 

2 Sound data memory measure (for example, hard disk) 

4 Timing data storage means (for example, hard disk) 

6 Signal processing means 

8 Number-of-rotations calculation part 

10 Degree center frequency calculation part 

1 2 Degree sampling frequency width set part 

1 4 Primary another extraction setting up function 

1 6 High-rotational fixed extraction setting up function 

18 Degree sound extraction part 

20 Ratio calculating part 

22 The data output means for evaluation 
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(Xfy^S 1 6) o 

[0 0 4 0] jSR£©#aWi, 05 (A) IC7F,?&5 

EMsarmfst, »aHRfeffi<ftSo c©«*^ws© 

fflffit*. »S^F(S5 8T?JfttflU ^©^EE^J6 
££05 (B) ©fflffi^JE©J:^{e:«:§ 0 £©£*, II 
B#te£#©aEt>B©<fc5te3fcJ&T:te<o C©«ltHS*l 
feKHff©SfiE6 4 fc£ftg©^J£6 3 fc©it**8?* 

10 05 (C) fcasfJ: 5 fc, H*K#;*:#<H*.S» 

^fctt^frSfc^ SIBI)iS©Jt* 6 7 < ft So 
C ©Jt*©*'.h*J±«f * c £ ' / ^y * ^9 >> y F© 

[0 0 4 1] 07 (A) (B) (i, 8^t 1 7& 

tife t> © fco^TM^ L fc$&3fc * D Jt***»fe t 
©TffcSo BSJfcJix HllS^«feA<IIIA*as»*P36 
lT-HA,f£o 7HMt7U @fe©Tl^i: 

20 3mifl-e*#<H*sai5#"Cfc3o H 7 fc^fJ: 3 K:^ 
B8)fi^*vj^v»ffMili©t>©tt. ^ft^fcWL 8^^ 1 

0 %, 17*^2 0 *©{&©§*< 7 0 %Sg t 

ftoTVSo -7a> MHS^tV»fMiil©*>©ti^ 8^ 
©£•-*# 6 0%, 1 7^©k°-^^3 5%@gi:l^ 

30 ^©^£#££#TfeWffi#m^©f£*fLT, ^ffi 
[0 0 4 2] 

[^2^sim] <wx^dHAffijvsaMH>^ mm 

fcRWre*S. lOOCHz] ©3JdR7Y7l'5f«llttJiliaR 
fi OAaHAtBAttRfi, ^>F(g) 5 8T«g©fflffl 
40 5 ^> tt£^R©^K4*iL>liiffiR 3 0 ©±T 5 0 
[Hz] (refflfcHfSo Ctitt^ 6000 [rpm] -eTfi 

[0 0 4 3] 08 (A) lC7fi?£5tc, -fflcmfeffifi 

t, 08 (a) ©««©£$£:& So fftto^ 'iw» , r 

%^dK©^dK<f>4>Ji99R2: ©M(i AHz=RPM/60 

50 -efeD, mBRfcWM^<ftS,, MAHztt, 
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[0 0 4 4] llTTOcS:§(D^ xyS?VO0(gft 
^fgV^-a-T% 1 8 0 0 [rpm] ©i§-£\ A H z = 3 0 

[Hz] tsDs ioo [Hz] mt^omM<D%.tmtnm 
mm 3 2 r^tfi-rs t, 3 3»3R*«±-eawi- s t t 

[0 0 4 5] 09 ti, £fl;^6 3©gJE£{fciS3B^ # 

(A) fi, ^HAff]JiSaKlg« l 0 0 [Hz] 

■wflMfcttiar**:, 09 (a) fcrWF^4 4?^-r 

t>, 09 (A) teg^rffllfttx 6 3 tt|II1@R©T 

•rgp^Hir^ k y d , ^»sph:i«-£o* 

fe3WRSfM*6 7 0H3WEfa»p{i N SK^#4 4^ 20 
fc**vi£*i:*-3TV5o 

[0046] cn^i55±-rs^^ LTs mmmtzmfe 

09 (B) fc, CORiaj«fiWtflfflM«aS*S3 

4 xymM 6 4 ^atB Ltcm&vgmmmB t *©& 
m%ft^6 7<DttmmmB%*?o 09 cb) e^-t 30 

Rl^icatBSMI3 4^ffli/>§i:, ^4 

[0 0 4 7] 09 (B) ©ffiF#4 6*e^SftS»#©J; 
5^ WX^HilfBJnadMB3 4«ffiv>«^ fglera 
#?©^£©«EEtfJ;D]^fcifiV'fc©i:ft!K $0 

t\ 3»a»§*ii!fi^<«ifitn?#fct,©fc#*6nSo - 
fcofcffitfM*** c fc lt#* p>ns 0 

[0 0 4 8] 09 (A) £*rB£3dWfjraSM3 
2fcJ:«3WWP©«rtatSlli:itKLT, 09 (B) fc:^ 

fwett, ^4 8^-riSinitoa5^{cT, mm<o^ 

JB409 (A) fcaV*-0!U:Jt«LT*£ < 4oTM„ 50 
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[0049] c©«t5*B8fiiKaj^-e©Kjie4:©^— a 

fc^atSfefcfctt, iSKWfc^ 3 0 0 0 HfeJ; 0 

@fe©»&te{4 1 o o [Hz] ?©H^mr?&ftB 

©«HH*ff3t^v\ 1 8 0 0 BRKTTtt, R 

»3Sj»^©*^ajsas*«iaiiisaR« t 1 % tumm 
ium%8StM*m^&tM.\i\ 1 8 o ohhej^s 3000 

^smmMiammms 4 t©^j#«, iv^ojb 

Kit, 1 8 0 0 HfefrS 3 0 0 0 @^©K©lHl^i5t^ L 

[0 0 5 0] 08 (B) fc^fJ;5fc, c©#MtBJi 

3 8 ©aaa-cassns 4 0 tRis^«4 2 t^st 
©sitfMB&Rjgfcf s c j: DiuifcjSv'iajis© 

[0 0 5 1 ] 0 1 on, co^m^mmsMto-m^ 
[0052] $?\ -^^ra©^x- * (Dmmmmfr 

6, F F TtWcttB^SttfJ-rs (Xfy^A ll)o 
Hllte^»tiigP8«, 9WffiB©jS^VI/X (* 

^mffijiHaunesw 1 2 mg?z>%. 

»©^C»«ia3R**i6SS (Xf>y/A 12). 
[0 0 5 3] &t^Ts ^dRffttfttffl IllESt^J 
^3 0 00 [rpm] ^©jff£©L#V'»tf#jB*.'tV3 

aWS^ftTOf* (Xfy/Al 3) o Jt^ 
»©*&JS8aR«<, 5 0 [Hz] *jB*Tfe!K t¥oT, 
BW3 000 [rpm] ^iKAT^S^tett, 10 

0 [Hz] ©ssjattR^iAtfiMmiH 3 2 ^-rs uf 

'^A 1 4) o -73, 5 0 [Hz] *«©«^tJ4 x 

3»as©ais»*aa«iii!asfi3 4 1?% (xt^/a 1 

5) o 

[0 0 5 4] 35dR§anfJ8l5tt, F F Tff^©S 

m% z. tT»atfiLfe3JdR*©^(*«fcj«-*^dR«Jt 

*6 7^5Ri6§ (Xf-y^A 1 6) o i^l^T> fFffilSB 
fiWRTtSS^ ±IBX7 1 y7Al 2frtE>XrV7k 

1 6 Djg-r (*Tv?k 1 7) B fFi5fgHF*g{c 

O^T©F F TfHr^7-r«fc, ffi^PlfiOMt 
J±i±4W77ffcU fMBiiBffl^T^^JEi:^^ 

8) „ ^!&<4x- ^ ££$f § ^Sd^-e il©Xx>y 
fk 1 27!)2A 1 7©ma^#^|ScSfcff9o 
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[oo5 5] ±&Lrt&5K*mmtc&&£, 0 

£fo 08 (b) tc^-r 
Tii K^-r § ^»Sf oj«»*« 0 at? d t # a < a d , 

[005 6] 

[^3^SSM] 2 *3WfW4, # 

Jt*©£-*fiES^T«©ffW£fToT^;fco CO 

J$RB$IHItfSfe o fei&^EJBSgfc J: SfMBISft tsas 
[0057] Hi 1 (A) icmTWeit, ttM&im^m 



5 1 •ff^f ffiBfc^ 3 900 [rpn] 8. 0£a 
oT^So fit, !|f # 5 0 T^ffWi^ ^Effc 



^ Hi l (B) E^-fM^fci, 9 Ugt^HI 

-ee-^wc^s 0 HftWEkiu if ^5 l-e^-r 

ffiBET, 2 8 0 0 [rpi] T16. 2fc*oTM. 
^LT, &»§Ifc*6 7», 011 (A) fcasflfr&J: 
Dfcffi^HWSR (^5 4#M) -?ifc3fs©iS^aP#tff8 

^Jfiitv^o c ©ro©s*ARB©JiSfcfWr 

St ill (A) EjfsffC^fcDkHl 1 (B) E* 

-rflceo^ii^wiiitaso 

[0 0 5 8] HI 1 (A) fc^HS^Ol^ iainfe 
#A#<, Jfc*tf*Sr<Tfc^SfcLT&^W**# 



t>^s<a-pTvSo cntcftu hi 1 (b) ejs 
y^s*e3»dR^a^T^So <i©<fc5atB«E,fcD, 

HI 1 (A) K^fM^O^Hl 1 (B) fc^-T«gg 
©B*<fcDfe£vW*lii:astt*.Sn5o 
[0 0 5 9] C ©^U5^-*3Sc#-r^ < , H3HW? 

WS*©Jt**fflv>T3WR«©fffiB*ff5o £©H3 

35 (flMB) 2 4, (&ftg) 2 6 , 45*tf 



10 



30 



40 
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#6ti«o iill/ftfiiUli, HI 1 (A) E*f««£ 
ti 5 . 9 6T?&£©EMLT\ Hi 1 (B) E3**1K 

[0 0 6 0] JHfJStt, ^©iiDT?fe§o 

&»SffiJfc*= (Z^WRSfJEE) / (2£SE) 

[0 0 6 1 ] H 1 2 it, CCiKKJt^fcWfflf £&3* 
1) o ^©ffifli*e©FFTtf»*ffV\ ffiURMRBE* 

Dili- (xx>y^A2 3) o tm*s*fr&, r 



fc©3fcft«E©jftlfc£fl:»EE©S]©Jfc* CBBSQ&ftSEE 
Jt*) (Xf7^A2 4) o 

[0 0 6 2] jaLfe*5fc»3*jtWI«:J:*fc, 
©^^fflt^©£-^{I©&©8¥ffiE2jq;^ 

20 Mmmt?z>ct~c\ ^mmc^mm-vt ^ 

E, PfflafPffi^Rlt^aD, ffHi©«JSE©lft±3WBf9 

[0 0 6 3] 

JWR©^BEJt***»T»ffifbLTtfco L^U mts 

*f\ «t0iE5iaffii^fT5fci6E(i, S§@fi©^*I 
^#*W-»LT*©«lRF*MSi&S^feSo ^©cfcda 

[0 0 6 4] Hi 3 E^-T^ffiffFffi-r-^ti, «i[© 

fflv»TWWt***»fefe©T»*. -rato-6, i^ 

[0 0 6 5] HI 3 (A) tt, 3 735?©35dft^tT-^ 

©^ «tAtv^-^^#o3^©^-efe§o en 



m^^feSfc^&nSo HI 3 (B) li, 3 8^ 

so tbr-^^fcS'r-^-pa&s^ Hi 3 (a) tTOc 



(10) 



17 



-2c£"f*lTV*. £©H13 (B) fc^f^r-*T? 
[0 0 6 6] JRJLtOfMKdU g 1 3 (A) tC^-T^ 

wjct^f-^iH, 013 (b) icmtmn. 

IWMg«*jlSfcBll 3 (A) fc^-T 3 8 ^JMWftM 

&6. 8 2"?&5©fc:fcfL'T\ HI 3 (B) fc^T3 8 
&©i9l»fc*{4 7 . 6 2 7* D HM±O^Si:3Mfe LT 

[0 0 6 7] ?a\ XKttffFff7& 

straw- § #\ yjjwwmic itmmmvmfetfi&mic 



d> fflS'j©Ms»©m^y^x©^#^s^-r(cg^ 

[0 0 6 8] 01 4&B1 3K/Tl/ftf- #£TPS2 5 
0 [Hz] , ±615 0 00 [Hz] £R£U £R*£Eit* 

*»fflLfeiie*Tf**o hi 4 (a) &tf (b) ^-r 
tffc«j§£-©j&»£i$£'rsfcfc"?&«o mmmut 

We«tt. HI 4 (A) ©t£—£tf 1 0. 2 5% 
1 4 (B) ©k°-^^9. 9 0%i:*D, HJi© 

[0069] %3fflgm?&, 8a^Haa»©fifca«u 



3W 



SJiMlfci:, fflttJTIBfiIi!aS^7'y^-rsii^*<-eT< 40 

[0070] m±mamfe--m:m5£?zittKtt 
», f f t tfWQifmmtftv y~?vy7is-htf2 

5 [kHz] ©t§£\ 12.5 [kHz] ±H-*F£ 
X*stW?% ^1 000 [rpm]-£« 7 5 0&&T*<DftM£ 50 
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sBrSOteftU 5 000 [rpm] U\t 1 5 0^$T©tf 

ff£Lfrft&&v*g£K&iL;fc&©'?&&. tot, 

[0071] c ©j: 5 fc* < ^ aas© 

±©^©-ftu w«^am^o^*©#fiE»s*t>^ 

[0 0 7 2] <JSBH8^>±MLfc0lT*H:, 
©*t*fr 6 traM»©±TI»*KJ&r 5&gtffcfr o 

[0 0 7 3] fMtt, fffflHWEftSfca* fHBi^P^SBH 

i*3*r i o [Hz] wcGEMmixvm mmwmm 

HI 5 (A) fcaVTWfftt. ffiV^ttRWK («F#5 7 
#M) 8KJ-P«Sfc:«J:Slf— J'^^nTVS^ Hi 5 
(B) fc^fS'r-^'ett, *SF# 5 8 TSSfJ: 3 

[0 0 7 4] Hi 5 fc^f JiMiStx^ h;U©#®ti, 

WLTV^fc46> I^IHIiliiiRtflHH6aR©Sfbh:ft#L* 
V^©*^H1 5tc^"r«J:5fc«lffl*tlSo i^T, 

[0 0 7 5] HI 5teaVfffl"l?fcJ\ J^g^©#^ ^© 



fttbs ^ <Dmm&mzmw* j 3-%-%;\ / \ hi 5©«f# 

5 7 ARtf 5 8 Afc^-T =fc 3 teM^ftW—Zi* 

[007 6] ±aLfc±5te®4*JIMfcJ:*fc, if© 
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fi^ftau^aawrs^^ p^ft^&^-eaft 

<&>o 

[007 7] 

vit, #-r 5 y v> vi/x immimynfr ens c taw 

m%MMr\ t Vl/X x- $ #^n&i/ ^§£\ §fctf©-r 10 

- * Tjsaawww tt-p t § ^dnmf » * **» r> 

SHHWte*^ 5 ^/Vl/XfcR^JcWx-^fciliirr 

[0 0 7 8] S-f , Ji&ifcX^ h;l/fr6, NSXft& 

[0079] i-at>5, «Htt«i^M2: crmM^jaaoK: 

Ttf D©*lfcWinSo AtfiSHf©^-*^^ ^» 
[0 0 8 0] Hi 6(i^-T5y^Vl/X5©^^— ^ 

[oo8i] i. to&tn&mm. m&ommte 40 

2. %jSffilt©«i^4:ffiSl©iai«3Wfc^6@<SaR** 

J6§o fl*t£ 2 4 7 6 [Hz] T?3 7*Tf***»6, 2 
4 6 7/3 7 X 6 0 = 4 0 00 [rpm]i:ft5 (Xy-yf 
B2) o 

3. RHKf^ »£t?©@(ER*#«>5o *ja©«isaRtf 

9 2 5 [Hz] fcfSfc^ 9 2 5/3 7 3 7 X6 0= 1 5 
0 0 [rpm] fcftS (Xr^y^B 2) 0 

4. jfe^i:»j^©|ffl©ii(g©TB*ifiajifcLT-^* 

WWTS (Xry7"B3) o 50 
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RPM=4 0 0 0—1 5 0 OX A t 

5. fe&x»(Dmim.frt>. ^©/vi/xffiH**», /vi/ 

6 0/4 0 0 0 = 0. 0 1 5 [sec] 

6. ^5(C, A t Oi^^fcftfe, 4.©£*ffl^T 

*©/Vl/X<MT*©@^*±£fc<fcD**S Uf7 

/B5) o 

400 0—1500X0. 015 = 3977. 5 [rpm] 

7. £&fc®!s8^5&©/WX©tt11*:&«K /Vl/X 

(Xfy^B 6) c «Atf, 

6 0/3 9 9 5. 5 = 0. 0 1 5 0 8 [sec] 

8. ±l26,7££i<3jIU *jft*"?ffl\ JtSfgHrtfC/'? 
;l/Xf-**t*ao (Xf<y^B7, B8) o 

[0 0 8 2] c©«fc3fc\ lfflIi#©2dR#BE$i[l©#& 

ti, iWttWifttfcs^/vi/x^jK-rscfc^-e^ c 

©/ Vl/Xfr 5 ^*Jt»©tHW< RJti ft 0 , flafcWffi 

[0 0 8 3] ±f5©$mi, $&j&fc»j5©*©Jf£"^ 
HHES[©TI^K^ia^l?ifiiKLTV^^ ^HRfctir 

/vi/xx-^^s c ttf~?% &o £<d&5 tc^mto 

7*-* £/ Vl/XfciP* S C T\ JSiSR L *rt*J 6 ftfr o 
[0 0 8 4] 

©?\ ctifctsi:, 3*aHaaaiffiR*as^iSfcT, 

^+^ffl«3R©l3«©^«-Pfi^@<E»fcJS i; fcfi© 

(CT, fNi*f^%©^©^M*^^Nr?>n^-f5y^ 
/ Vl/X ^l^SSL /iff- ^ &^8dAfIlA9aMH7l9£ 

fcv^t^Kftv^tifc^fpii^s^Ji^-r 

[0®©1B#ftWW] 
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[02] jmmfc&z^mmmwvmBmMvmm* 

[03] 02 tc&Lrci&em&&<Dmf&m*7Ft'?v y 
[04] imm<om i 

[05] 04 icm?mi&?<Dm%g<Dmm<D-'M%*r 
m&m-e&K), 05 (a) t4#^ajft»o#oftffl*^ io 

tmX\ 05 (B) tt^Efcttffi«Efc*Jtl«Lfe«l 

^■T0T\ 05 (o it^Boitm^tm^ 

So 

[06] 04 K&tft&'e<Dm8<D9miBm<D--M% 

[07] *3WRT?©^ffiOJt**^fa&gHTf*D, 0 
7 (A) tt3WR7Y;V^«©^iaiHfcft5!9:V^*^ 

f0T\ 07 (b) it8^<Dm^mt^m^tm 

[08] #f|HJ!©m 2 «*wtWHH'ff* 20 

08 (a) imfemfflmmmaJkxmmmM 

[0 9 ] -®HIBO^^©«fla^fcW3£3WR«0* 

(A) ttB£3^mffiJV«aM?^Bt»«»ltf) LfcW* 
*T0T\ 09 (B) tt^^^ffiJiSaRMT«^K* 

mioimmmmmmfmmmmmmmmm 30 

IS©— «*St7n-ft- h^So 

[011] msimitowjiftMn-rs^ftofi^H? 

&D, 011 (A) BSlOff-^Otftf, 
RtPE-Ojt*©^*^?^"^ 011 (B) &^2© 
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#r-*©£fl^ ^^^©it^M^^f 0 

[012] fg3*M^©Msie©-$i£^-f7n- 

[013] *^<7)^4^ii5ifijoi ; »^mB^'r§/ci6© 
^0-esD. 013 (a) itmttm&ftoiz&v&T* 
-2<DmLwm%m'?m?\ 013 cb) ammm 

[01 4] 01 3K*Lrc&&B<D®mj$.ft*ffi£L 

feWft^rsagpH-e* d , 014 (a) ttSMK&s&w 

f-0^ 014 (B) ttg^a«#ftWSv^7*-*0 

[015] mimommmfc^w^ictt? 
tbrcwmmv&t). 015 (a) BjswBfroa^T* 
-*0^j±it^&^f0T\ 015 (b) «£*©«#© 

[016] ^mmnmsmmmommn^mm^r^m 
wmx%>%o 

[017] *SSW©^ 5 ^0!©$ttgig©HW*jSf 
2 fc-r- * I3H^© (MA HT> n- F X ^ ) 

6 «#«iai¥a 

8 PifEi^mgP 

1 0 2^j&jffi|g80VtBtt 

1 2 &m&&mmkm§Si%.^ 

1 4 -^gijfflm^tiii 

1 6 mxm^tam&mm 
1 8 

2 0 tfMfcB§|5 

2 2 WflBfflr-^tftfj^© 
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